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Role of P15(1720 in KX photoproduction
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Using an isobar model and the neapPHIR data we show that a better explanatiorkd®, * photoproduction
can be achieved by including the;5(1720) resonance. We find that the inclusion of this state does not
influence theK *3° channel appreciably, in contrast to the other thik€® channels, where the prominent
effect is found in thek°S ™ channel. The extracted fractional decay width is consistent with the prediction of
the quark model, whose magnitude is almost one order smaller than the value given by the Particle Data Group.

PACS numbse(s): 14.20.Gk, 25.20.Lj, 13.60.Le, 13.30.Eg

For more than 30 years kaon photoproduction on theground part of the operator consists of the standard Born
nucleon has played a special role in the realm of strangenessrms along with thé<* (892) andK,(1270) vector meson
physics. A simultaneous study of the kaon-hyperon-nucleompoles in thet channel. The low-energy resonance part of the
coupling constants, isospin symmetry, hadronic form factorsK A operator includes three states that have been found to
baryon and meson resonances, and the contribution of kaohave significant decay widths into tHé*A channel, the
hyperon final states to the magnetic moment of the nucleorg;;(1650), P,;(1710), andP,5(1720) resonances. In order
is made possible only by means of this elementary processo take into account the fact that baryons and mesons are not
In the hypernuclear sector, investigations of the electromagpointlike, we include hadronic form factors by employing the
netic production of hypernuclei would be unthinkable with- gauge method of Haberzef8]. The fit to the data was sig-
out a good understanding of the elementary process. In adhificantly improved by allowing for separate cutoffs for the
dition, the associated production on a deuteron can be usedshckground and resonant sector. An excellent agreement be-
to study the hyperon-nucleon interaction in the final statefjween experimental data and model prediction has been
while the quasifree kaon photoproduction on nuclei serves aachieved, where it is then found that a new, missing,
an important tool for investigating the kaon-nucleus andD ,5(1895) nucleon resonance appears naturally in order to
hyperon-nucleus optical potentials. These processes cannekplain the apparent structure in the total cross section of the
be properly understood without an elementary operator thagapHir data[9].
describes the production mechanism on the nuclear constitu- However, the situation is different i8S, channels, where
ents. Along with the operation of the new generation of conexperimental data cannot be obtained as precisely as those in
tinuous electron-beam accelerators, such as CEBAdwW
JLab), ELSA, and ESRF, as well as the new and more pre- 39
cise detectors, this fact has greatly motivated considerable 25|
efforts to advance our knowledge of the process.

It has been well known that there are six possible isospin
channels in kaon photoproduction, i.e., L5

ply KHE | ny KOHE

p(y, KA, p(y,KHZ% p(¥,K®Z" onthe proton,

n(y,KOA, n(y,KH>", n(y,K®2° on the neutron.

S (11))

However, only the first two reactions were extensively stud-
ied during the past yeafd—5| since most experimental data L5 7
exist only for those two channels. There were only few in-
vestigations devoted to the third process, since there wert
only two data pointgin the total cross sectigrior this chan- 05|
nel. However, a previous stud§] has shown that this chan-
nel could provide a strong constraint to the models that try to
explain kaon photoproduction on the proton. Due to the lack
of a neutron target, there are no data available in the neutroi:
channels up to now, although R¢6] has also marked that £, 1. Total cross sections fatS photoproduction. Dashed
these channels are sensitive to the resonance configurationjjfes show the fit toKS data without theP;5(1720) resonance,
the models and, as a consequence, provide additional cosolid lines are obtained by including this resonance in the model.
straints to the models. Experimental data frorsaPHIR are shown by the solid squargkd]

Recently, we have developed a new elementary operataeind solid circlef11]. Old data are displayed by the open circles
for kaon photoproduction on the nucled¢id]. The back- [12].
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the KA channel. This is chiefly due to the intrinsic propertiespletely true in our previous modgT], where the same back-
of the 3 hyperons, which are relatively more difficult to ground terms, as in th&KA case, combined with two low-
observe. Moreover, the isospin conservation alldwseso-  lying nucleon resonances, th®;,(1650) andP;,(1710),
nances to contribute iK2 processes. Thus, in principle, the along with two more spin 1/2A, the S;,(1900) and
elementary operator fd€>, photoproduction should be more P3;(1910), were quite sufficient to describe the available
complicated than that dkA. This was, however, not com- data, including the preliminary version d¢°S* SAPHIR

data.
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FIG. 3. Same as in Fig. 1 for tha(y,K°%)S " differential cross FIG. 4. Same as in Fig. 1 for th° polarization. The total c.m.
section. The total c.m. energ¥ is shown in every panel. energyW is shown in every panel.

038201-2



BRIEF REPORTS

py KOz
1.0
1.822 GeV

5 e
§ 17-—415;—_-1 ------ ‘\|
8 00 pge et e e
2 —+
A

-1.0

-1.0 -0.5 0.0 0.5 1.0
cos 0

FIG. 5. Same as in Fig. 1 for ti&" polarization. The total c.m.
energyW is shown in the figure.

Very recently, the final version d€°3* sapHIR data has

been published in Refl11]. Our previous model immedi-
ately faces an obvious problem; the present data have
average magnitude of about 50% smaller than the prelimi=
nary ones. To overcome this, we try to refit our previous
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On the other hand, this result might also raise a question,
since the inclusion of th®,5(1720) resonance seems to af-
fect the cross section in the whole energy regions. This hap-
pens because th;3(1720) mass is very close to the pro-
duction threshold, thus almost overlapping with those of the
other two nucleon resonances. After including this reso-
nance, the fit readjusts the coupling constants to the values
which decrease contributions from thechannel poles at
higher energies. As shown in the previous stydy, the
K*(892) andK(1270) vector meson are responsible for the
divergence behavior of cross sections at higher energies.

Compared with the previous work on isobar mog4),
our model exhibits a much better agreement with K&, *
total cross section data. Their model suffers mainly from the
divergence of the cross section since no hadronic form fac-
tors are considered. There has been an effort to remedy this

a?pdesirable situation by taking into account the off-shell ef-
e

cts of certain resonancg$3], which is, however, beyond
the scope of the present work. Compared with the results

model to all existing<S, data, including the new version of [1om the recent chiral coupled-channels approfbh, we
KOS * data. Unfortunately, as shown in Fig. 1, the prob|emobserve that in both proton channels shown in Fig. 1 our
persists in the°S * total cross section, i.e., the model can- model yields a better agreement with experimental data.

not reproduce the shape of the total cross section.
Based on the same reasoning as in khe case[9], we
include theP5(1720) intermediate state in oY, model.

The same effects also appear in the differential cross sec-
tions as displayed in Figs. 2 and 3. One can clearly see here,
that the angular distribution is almost unaffected by the in-

This choice seems to be somewhat trivial, but previous studelusion of theP,5(1720) resonance in the first case, whereas

ies have indicated the importance of this resonanckn
channels. For instance, Rd#] found that theP,5(1720)
contributes less than 10% to the" 2% channel, but domi-

in the second case the differential cross sections are signifi-
cantly improved after we include this state. Note that without
this intermediate state the model yields a wrong “backward-

nates theK®S ™ process up to more than 40%, although in peaking” behavior, in contrast to the structure exhibited by

the latter the fit was performed with only tw@ld) data
points in the total cross section.
Within this new resonance configuration th&N reduces

the newsAPHIR data.
The recaoil polarizations for the two channels are shown in
Figs. 4 and 5. Here we obtain a fair agreement with the data.

from about 2.5 to 2.3 and the result is shown in Fig. 1 by theSince the polarization observables stem purely from reso-
solid lines, where one may argue that, apart from the rapithance contributions, this perhaps indicates that the resonance
convergence of th&®S * total cross section, the remarkable configuration in oulKY, model is not yet final. However, at
agreement with the data is not so surprising since we havthis stage it is worth to note that the data shown here have
added two more free parameters in the fit. Nevertheless, tHeeen averaged in relatively large energy bins, especially in
important point to note here is the different effects of thethe latter, where the four data points were binned in the
P13(1720) resonance on those two proton channels. Asnergy range between threshold alle-1.898 GeV. There-
shown in Fig. 1 the effect is small in the"3° channel, but  fore, in our opinion, more statistics in the data should be
quite substantial in th&°S, " channel. Obviously, this find- obtained first before any further conclusion could be drawn.
ing explains why we did not observe the role of the To our knowledge, up to now there has been no model that
P15(1720) resonance i3 channels in our previous model. successfully reproduces these polarization observables. The
Furthermore, the two neutron channels shown in Fig. 1 rerecent chiral coupled-channels approft#] works only for

veal that both channels are the good candidates for furthéhe data shown in the upper panel of Fig. 4, but it fails to
investigating this resonance. reproduce the oscillation in tRe* polarization.

TABLE I. The fractional decay width dP,5(1720) from the quark mod¢l5], PDG listing(as given also
in Ref.[15]), and the present work. In view of the current error bar in our database, we omit all error bars in
this table. Therefore, in the last column, only the order of magnitude is relevant to our present discussion.

MN* FN* \FN*N}/ \FN*KZ \FN*N’yFN*KEIFN*
Source (MeV) (MeV) (MeVv*?) (MeVv*?)
Quark model 1795 150 0.085 0.3 04103
PDG 1720 150 0.091 2.2 1.3310°3
This work 1720 150 0.2010°3
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Although the calculation given here is less accurate thamo explain theK®S * data. The extracted coupling constants
our previous study of th&™ A channel9], it is still appeal- are in good agreement with the prediction from the quark
ing to compare the extracted coupling constants with predicmodel; a result which is also found in tH€A case. To
tion of the constituent quark modgl5] and those given by  further elucidate the role of this state, more accukels *
the Particle Data Grou(PDG) listings. As shown in Table I, data are advocated, especially in the polarization observ-
surprisingly, our naive calculation confirms the result fromgples. Measurements &, photoproduction on the neutron
quark model, which therefore builds a consistency with they;i| ais0 provide more information to shed additional light
previous investigation of th€A channe[9]. Table I reveals 4, this problem. Finally, we should mention that due to the

that the value given by the PDG turns out to be almost one ¢ ,re of the findings in this exploratory study, a rigorous,

order of magnitude larger than our result. unitary, and more consistent investigation performed in the

In conclusion, we have investigated the role of the : .
P,4(1720) resonance in photoproduction & in the framework of multichannels analyses is strongly urged.

framework of an isobar model. Our findings corroborate the This work was supported in part by a University Research
result from previous work that this state is required in orderfor Graduate EducatiolURGE) grant.
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